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EVIDENCE  THAT  BOTH  NORMAL  AND  IMMUNE  ELIMINATION 
OF  SCHISTOSOMA  MANSONI  TAKE  PLACE  AT  THE 
LUNG  STAGE  OF  MIGRATION 
PRIOR  TO  PARASITE  DEATH 

DAVID  A.  DEAN  and  BEVERLY  L.  MANGOLD 
U.  S.  Naval  Medical  Research  Unit  No.  3.  Cairo.  Egypt 

Abstract.  The  number  and  distribution  of  autoradiographic  foci  observed  in  this  and 
previous  studies  following  percutaneous  infection  with  ,sSe-labeled  Schistosoma  mansonl 
cercariae  indicate  that  the  lungs  are  the  principal  site  of  worm  elimination  in  both  normal 
mice  and  mice  immunized  with  irradiated  cercariae.  It  was  observed  in  the  present  study, 
however,  that  the  intensities  of  the  autoradiographic  foci  produced  in  the  lungs  during  both 
the  normal  (early)  and  immune  (late)  phases  of  elimination  were  identical  to  those  of  foci 
produced  in  the  livers  of  the  same  mice  by  larvae,  shown  to  be  alive.  In  contrast,  foci 
produced  in  the  lungs  by  heat-killed,  intravenously  injected,  lung  schistosomuta  became 
smaller  and  fainter  with  time,  disappearing  completely  between  seven  and  10  days  after 
injection  in  norma!  mice  and  between  four  and  si*  days  in  immunized  mice.  These  resuits 
indicate  that  although  the  targets  of  both  normal  and  immune  elimination  do  not  proceed 
beyond  the  lung  stage  of  migration,  they  do  not  die  in  the  lungs.  A  possible  explanation 
for  this  paradoxical  situation,  for  which  there  is  some  experimental  evidence,  is  that 
unsuccessful  migrators  leave  the  blood  stream,  enter  alveoli,  pass  up  the  trachea,  and  are 
eventually  digested  in  the  gastrointestinal  tract  or  eliminated  from  the  body  intact. 


In  the  first  applications  of  the  autoradiograph¬ 
ic  tracking  method  of  Georgi1  to  the  study  of 
schistosome  migration,  it  was  observed  that 
pearly  all  Schistosoma  mansoni  larvae  that  pen¬ 
etrated  the  skin  of  either  naive  mice  (C57BI/6J) 
or  mice  immunized  with  irradiated  cercariae 
eventually  migrated  to  the  lungs. J's  It  was  there¬ 
fore  concluded  that  the  failure  of  half  or  more 
of  skin  penetrants  to  survive  to  adulthood  in 
control  mice,  and  the  additional  loss  of  worms 
in  immunized  mice,  could  not  be  expiuined  by 
the  death  oflarvne  in  the  skin.  In  the  immunized 
mice,  migration  to  the  lungs  was  delayed  for  sev¬ 
eral  days  relative  to  controls.  At  two  and  three 
weeks  after  challenge  infection,  the  number  of  S. 
mansoni  delected  in  the  livers  of  irradiated  cer- 
caria-immunized  mice  by  autoradiography  was 
tower  than  in  control  mice,  and  this  reduction 
was  accounted  for  by  increased  retention  in  the 
lungs.  This  observation  did  not  prove  that  im¬ 
mune  elimination  took  place  in  the  lungs,  how¬ 
ever,  because  it  did  not  rule  out  the  possibility 
that  migration  to  the  liver  or  other  sites  was  only 
delayed,  with  elimination  taking  place  in  these 
sites  at  some  later  time. 

In  this  study,  we  extended  the  period'of  au¬ 


toradiographic  quantification  of  migrating  schis- 
tosomula  to  five  weeks;  low  temperature  expo¬ 
sure  of  film  was  used  to  improve  the  sensitivity 
of  larval  detection.4  In  addition,  we  attempted 
to  distinguish  between  autoradiographiCTToci 
produced  by  live  and  dead  schistosomula  by 
comparing  the  optical  densities  of  individual  foci 
with  those  produced  by  known  live  and  dead 
schistosomula.  These  observations  were  carried 
out  in  C57B1/6J  mice  that  had  received  no,  one, 
or  three  immunizing  exposures  to  gamma-irra¬ 
diated  cercariae.  The  results,  together  with  those 
of  previous  studies,  enabled  us  to  distinguish 
temporally  between  the  phase  of  worm  elimi¬ 
nation  during  which  half  or  more  of  the  worms 
in  the  body  are  eliminated  from  naive  and  im¬ 
munized  mice,  and  the  phase  during  which  half 
or  more  of  the  remaining  worms  arc  eliminated 
from  immunized  mice.  The  results  of  the  optical 
density  studies  indicated  that  most,  if  not  all,  of 
the  schistosomula  detected  in  the  lungs  by  au¬ 
toradiography  during  the  periods  of  both  normal 
and  immune  elimination  were  alive.  Microscop¬ 
ic  observations  carried  out  as  pan  of  this  study’ 
as  well  as  those  reported  previously*- *  (except 
one10)  failed  to  detect  damage  to  lung  schisto- 
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Tabu!  I 

Experimental  protocols  used  in  this  study 


tap  nu. 

Age  of  iiilic 
(week*)* 

» 

imiHOAUAiUMsf 

ctuufc*** 

Ui 

2*4 

)<4 

Day 

No. 

liay 

No. 

O., 

No. 

0., 

N», 

1 

7 

0 

1,000 

91 

520 

1  19 

710 

144 

104} 

2 

9 

0 

513 

28 

533 

56} 

511 

84 

1164 

3 

8 

0 

1.000 

87 

551 

122 

539 

151 

1354 

158 

1201 

4 

12 

0 

539 

tot 

553 

129 

572 

154 

1534 

162 

kSOI 

s 

6 

0 

1,047 

50 

1584 

•  A  pi  of  mure  *i  4  he  beginning  uf  the  experiment. 

t  Average  numticr  uf  30  ii-irmdigicd  .YiAiMuwttW  nut nu>ni  ceicgriac  uuU  for  •  I  kf  e»pow/e  by  tail  immmioo.  Pctuuviua  ftnpHi  £ro«»  79% 
la  *6% 

\  Averse  number  uflive  “Se-labclcd  ecrutruc  Uuu  pencilled  lh<  xkifl  duoaj  •  I  hr  cxpu»u*c  by  ud  iinnvtiuoa.  PeaciriUOM  fxngmi  from  9J% 
4u  V9%. 

|  Mu*  immunized  once  in  eipcnmeni  2  received  unly  the  third  imnuiAUtAg  expoturt. 

1  Approximate  number  uf  heal  kitted  MSe- labeled  fctlii*iu>o<mj|*  injected  uuo  ilur  mil  vein 


somula.  In  addition,  it  has  been  observed  that 
after  some  lime  in  the  lungs,  a  significant  pro¬ 
portion  of  schistosomula  are  found  in  alveo¬ 
li. *•  As  a  possible  explanation  foi  the  si¬ 
multaneous  relocation  to  air  spaces,  absence  of 
delectable  damage,  and  disappearance  of  schis¬ 
tosomata,  we  favor  the  hypothesis  that  an  im¬ 
portant  mechanism  of  schistosome  elimination 
from  both  normal  and  immune  hosts  is  the  ex¬ 
pulsion  of  intact,  possibly  live,  schistosomula 
from  the  lungs  via  airways  into  the  gastrointes¬ 
tinal  tract,1' 

MATERIALS  AND  METHODS 

Host  and  parasite 

Female  C57B1/6J  mice  (Jackson  Laboratories, 
Bar  Harbor,  ME)  were  used  in  all  experiments. 
A  Puerto  Rican-derived  strain  of  Schistosoma 
tnansoni '*  was  used.  Cercariae  used  for  immu¬ 
nization  were  exposed  to  50  kilorads  of  gamma 
radiation  front  a  cesium-137  source  at  a  rate  of 
1,300  rads/min.  Both  immunizations  and  chal¬ 
lenge  infections  were  administered  by  immersing 
the  tails  of  restrained  unanesthetized  mice  in  4.3- 
ml  suspensions  of  cercariae  for  approximately  I 
hr.  The  number  of  penetrant  cercariae  was  es¬ 
timated  for  each  group  by  subtracting  the  average 
number  of  cercarial  bodies  left  in  the  exposure 
tubes  from  the  average  number  of  cercariae  in 
the  original  suspension.  The  age  of  mice  and  the 
time  and  size  of  immunizing  and  challenge  ex¬ 
posures  in  the  various  experiments  are  outlined 
in  Table  1 . 


A  utoradiography 

Radiolabeled  cercariae  were  collected  from 
snails  exposed  four  to  seven  days  earlier  to  a  5- 
hr  pulse  with  20  pCi  of  ,sSe-L-selenomethion- 
ine.''4's->0  Macroautoradiographic  scoring  of 
migrating  worms  was  performed  by  exposing  x- 
ray  film  (XAR-5;  Eastman  Kodak,  Rochester, 
NY)  in  the  presence  of  Lightning- Plus  intensi¬ 
fying  screens  (Du  Pom  de  Nemours,  Wilming¬ 
ton,  DE)  to  squashed  dried  preparations  of  mouse 
tissue  for  six  weeks  in  the  dark.1-*  *  Exposures 
were  carried  out  at  room  temperature  in  all  ex¬ 
periments  except  number  2,  in  which  they  were 
"Carried  actrat '-196*0.  After  development,  foci 
of  reduced  silver  were  counted  with  the  aid  of  a 
light  box  and  magnifying  lens. 

Preparation  of  heat' kilted  lung  schistosomula 

Lung-stage  schistosomula  were  obtained  by 
exposure  of  mice  to  3,000-4,000  radiolabeled 
cercariae  and  recovery  of  schistosomula  seven 
days  later  by  mincing  and  incubation  of  lungs.*1 
The  schistosomula  were  killed  by  suspending 
them  in  1.0  ml  of  Earle’s  lactalbumin  hydroly- 
zate  medium  (Gibco,  Grand  Island,  NY)  con¬ 
taining  5%  normal  mouse  serum  in  a  I2-mI  glass 
conical  tube  and  immersing  the  tube  in  a  swirling 
50*C  bath  for  5  min.  They  were  then  diluted  with 
the  same  medium  and  120-150  schistosomula  . 
in  0.4  ml  were  introduced  into  each  mouse  by 
tail  vein  injection. 
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Ta»L8  2 

Detection  of  Schistosoma  munsoni  by  autoradiography  and  porta i  perfusion  * 


E*p 

no. 

Duy* 

dtiCI 

chal¬ 

lenge 

No.  of 
mice 

No.  of  if* 
fuJtutcU 
ceftnn* 
e*l»ofcOic* 

No.  of 
adult 

Wttfllt) 

recovcied  by 
putui 
pctfWioa 
(mean  1.  SEM> 

Skin 

No.  of  autonadioffaphic 
(bet  (Mean  x  SfcM) 

Lung*  live# 

Totel  f*- 
oovcr«d  plus 
kxi  (mean  t 
SEMjf 

i 

21 

7 

0 

25.1  ±  4.0 

1.9  X  0.3 

4.7  ±  0.6 

1.7  X  0.5 

33.4  X  4.5 

8 

3 

4.6  x  0.9 

4.4  ±  1.1 

19.9  X  3.0 

1.9  ±  0.6 

30.8  ±  3.7 

43 

8 

0 

39.8  ±  1.4 

ND 

ND 

ND 

ND 

8 

3 

10.5  ±  1.2 

ND 

ND 

ND 

ND 

2 

21 

5 

0 

36.0  ±  2.5 

ND 

8.4  X  2.3 

1.0  ±  0.8 

45.4  X  3.0 

5 

t 

13.6  ±  2.5 

ND 

26.4  ±  2.1 

1.4  +  0.4 

41.4  ±  3.1 

5 

3 

5.6  ±  l.t 

ND 

29.8  X  2.5 

1.0  X  0.4 

36.4  x  2.5 

28 

5 

0 

43.0  ±  2.7 

ND 

5.6  ±  0.9 

0.8  ±  0.5 

49.4  ±  2.7 

5 

I 

14.8  X  1.4 

ND 

15.8  ±  2.4 

0.8  ±  0.6 

31.4  X  3.6 

5 

.  3 

7.8  X  1.6  ' 

ND 

25.4  x  2.0 

1.0  ±  0.0 

34.2  X  3.1 

35 

6 

0 

45.8  ±  5.2 

ND 

3.3  ±  0.9 

2.5  X  0.4 

51.7  X  5.3 

6 

1 

14.5  ±  1.9 

ND 

12.3  ±  1.8 

0.5  X  0.5 

27.3  ±  2.8 

6 

3 

5.5  ±  1.6 

ND 

12.8  ±  1.6 

0.3  ±  0.2 

18.7  ±  2.0 

•  ND  *  not  determined. 

t  No.  sduli  worm*  recovered  by  porul  periution  plus  the  total  no.  of  autoradiographic  fod  detected  in  the  uii  akin,  Jung*,  and  liver  after  perfimoa. 


Adult  worm  recovery 

Worms  were  recovered  from  the  liver  and 
mesenteric  veins  by  portal  perfusion.  At  three, 
four,  and  five  weeks  after  infection,  the  total  per¬ 
fusate  was  collected  in  tubes  and  erythrocytes 
were  lysed  with  saponin.11  At  six  weeks  or  later, 
worms  were  collected  on  135-p  Nitex  screens 
(Tetko,  Elmsford,  NY).21 

Optical  density  measurement  . 

Optical  densities  of  individual  autoradio¬ 
graphic  foci  were  measured  with  a  Model  TD502 
Macbeth  transmission  densitometer  (Macbeth, 
Newburgh,  NY).  Each  focus  was  centered  over 
a  1-mm  aperture  and  visible  light  from  a  tung¬ 
sten-halogen  lamp  was  passed  through  the  film 
to  a  detector  supplied  with  a  digital  readout.  The 
net  optical  density  for  each  focus  was  obtained 
by  subtracting  the  mean  of  20  background  read¬ 
ings  taken  from  areas  between  foci  on  the  au¬ 
toradiogram  of  the  same  tissue  sample. 

Statistical  analysis 

Differences  between  the  mean  worm  and  au¬ 
toradiographic  focus  counts  of  control  and  im¬ 
munized  groups  of  mice  were  evaluated  for  sta¬ 
tistic!  significance  with  the  two-tailed  Student's 
/-test.  Differences  producing  P  values  less  than 
0.05  were  considered  significant.  i 


RESULTS 

Numbers  and  distribution  of  challenge 
S.  mansoni 

The  numbers  and  timing  of  immunizing  (ir¬ 
radiated)  and  challenge  (unirradiated,  radiola¬ 
beled)  cercarial  exposures  for  all  five  experiments 
are  outlined  in  Table  1.  At  three  weeks  after 
challenge  infection,  similar  total  numbers  of 
worms  were  detected  in  control  and  immunized 
mice  by  a  combination  of  portal  perfusion  and 
autoradiography  of  the  skin,  lungs,  and  liver  (Ta¬ 
ble  2).  The  distribution  of  worms  was  different 
in  the  two  groups,  however;  immunized  mice 
had  more  worms  in  the  lungs  and  fewer  in  the 
liver.  The  recovery  of  worms  from  immunized 
mice  by  portal  perfusion  was  reduced  relative  to 
controls  ( P  <  0.00 1);  the  total  number  detected 
by  recovery  and  autoradiography  was  not  sig¬ 
nificantly  reduced  (Table  3). 

After  three  weeks,  the  total  number  of  worms 
detectable  in  the  lungs  and  liver  by  recovery  and 
autoradiography  remained  the  same  or  increased 
slightly  in  control  mice,  but  decreased  progres¬ 
sively  in  immunized  mice  (Table  2).  The  de¬ 
crease  observed  in  immunized  mice  was  entirely 
accounted  for  by  a  decrease  in  the  number  of 
autoradiographic  foci  in  the  lungs.  As  in  control 
mice,  only  one  or  two  foci  were  retained  in  the 
liver  after  portal  perfusion,  and  all  of  the  worms 
recovered  were  alive. 
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Reduction  in  the  number  of  worms  detected  in  immunised  mice  compared  with  controls 


%  rvdwCttO* 


Eap  no. 

liay*  after 
chaitenie 

irtadtaictl  «r- 
can  a  eipuiure* 

Ponal  per- 
fuwon  ntcove/y 

r 

Tout  recovered 
pit**  lob* 

r 

i 

21 

3 

81.7 

<0.001 

7.8 

>0.5 

43 

3 

73.6 

<0.001 

2 

21 

1 

62.2 

<0.001 

8.8 

0.3  <  P  <  0.4 

3 

84.4 

<0.001 

19.8 

0.05  <  P  <  0.01 

28 

1 

65.6 

<0.00t 

36.4 

o.ooi  <  e  <  o.oGs 

3 

81.9 

<0.001 

3Q.8 

0.005  <  P  <  0.01 

35 

1 

68.3 

<0.00! 

47.2 

0.001  <  p  <  0.005 

3 

88.0 

<0.001 

63.8 

<0.001 

3 

64 

3 

65.9 

<0.001 

4 

4! 

3 

75.3 

<0.001 

5 

28 

1 

60.8 

<0.001 

*  No.  of  aUult  worm*  recovered  by  penal  pcrfuiion  plot  (be  (out  no.  of  auiotadtafrapfec  Cud  detected  k»  (be  Uil  slue,  begs,  eed  liver  after 
ferfuiioA. 


Changes  in  number  and  optical  density  of 
autoradioaraphic  foci  produced  by  heat-killed, 
intravenously  injected  lung  schistosonnila 

The  JJSe-labeled  schistosonnila  recovered  from 
ihe  lungs  of  normal  (unimmunued)  mice  were 
killed  by  heating  al  S0°C  for  5  min  and  injected 
intravenously  into  control  mice  and  mice  im¬ 
munized  three  times  (experiments  3  and  4).  The 
lungs  of  these  mice  were  then  removed  at  two- 
day  intervals  and  autoradiographed.  In  control 
mice,  the  number  of  autoradiographic  foci  de¬ 
tected  did  not  change  significantly  for  four  days 
and  then  decreased  steadily  thereafter  until  day 
1 0,  at  which  time  nearly  all  had  disappeared  (Fig¬ 
ure  1).  The  average  optical  densities  decreased 
by  approximately  half  over  euch  two-day  inter¬ 
val  for  the  first  six  days,  and  then  leveled  off  at 
the  minimum  dctectuble  level.  In  immunized 
mice,  foci  were  eliminated  three  to  four  times 
more  rapidly:  the  number  and  average  optical 
density  on  day  2  were  comparable  with  the  val¬ 
ues  of  control  mice  on  days  6-8. 

Optical  densities  of  autoradioaraphic  foci 
produced  following  a  percutaneous  infection 

The  frequency  distribution  patterns  of  optical 
densities  were  determined  for  autoradiographic 
foci  in  the  lungs  and  livers  of  percutaneously 
infected  mice  during  the  periods  of  normal  and 
immune  elimination.  To  facilitate  presentation 
of  data  and  comparison  of  groups,  the  optical 
densities  obtained  in  these  studies  were  arbi¬ 
trarily  divided  into  ranges  and  assigned  to  the 
series  of  categories  defined  in  Table  4. 


Period  of  normal  elimination.  In  experiment 
3,  focus  optical  densities  were  determined  for 
control  mice  at  seven,  14,  and  21  days  after  in¬ 
fection  and  compared  with  the  densities  of  foci 
produced  by  intravenously  injected,  heat-killed 
lung  schistosomula  derived  from  the  same  batch 
of  labeled  cercariae.  The  killed  lung  schistose- 
muta  were  injected  approximately  2  hr  before 
the  day  7  autopsy.  As  observed  in  experiment  4 
(Figure  1),  by  day  7  after  injection,  most  foci 
produced  by  heat-killed  schistosomula  had  dis¬ 
appeared  in  control  mice,  and  all  had  disap¬ 
peared  in  mice' immunized  three  times  (Figure 
2).  In  control  mice,  most  of  the  remaining  foci 
were  faint,  with  86%  belonging  to  optical  density 
categories  1  and  2  (Table  4).  In  contrast,  on  both 
day  14  and  day  21  after  infection  (seven  and  14 
days,  respectively,  after  injection  of  killed  schis¬ 
tosomula),  less  than  S%  of  the  foci  produced  by 
schistosomula  from  a  percutaneous  infection  were 
in  categories  1  and  2. 

Period  of  Immune  elimination.  In  two  experi¬ 
ments,  the  percentage  distributions  of  foci  among 
the  various  optical  density  categories  were  com¬ 
pared  2 1  days  after  a  percutaneous  challenge  in¬ 
fection  in  control  mice  and  mice  immunized  once 
(experiment  5)  or  three  times  (experiment  4).  In 
both  experiments,  the  optical  density  distribu¬ 
tion  patterns  for  the  lungs  of  control  and  im¬ 
munized  mice  were  indistinguishable  (Figures  3 
and  4).  In  addition,  the  optical  density  distri¬ 
bution  patterns  for  the  lungs  of  both  control  and 
immunized  mice  were  indistinguishable  from 
those  for  the  livers  of  the  same  mice.  In  exper¬ 
iment  4,  optical  densities  were  also  determined 
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0  2  4  6  a  10 

DAYS  AFTER  INTRAVENOUS  INJECTION 

Figure  1.  Number  and  optical  densities  or  autoradiographic  foci  detected  in  the  lungs  of  control  (Q  mice 
I  and  mice  immunized  three  times  with  irradiated  cercariae  (I)  at  various  times  after  intravenous  injection  of 
approximately  250  ’‘Se-labeled  Schistosoma  mansoni  lung  schislosomula  killed  by  heating  at  50*C  for  5  min 
(experiment  4).  Arrows  indicate  the  mean  optical  densities.  The  number  of  optical  density  determinations  was 
less  than  the  total  number  of  foci  (inset,  N  «  control,  1  “  immunized),  particularly  at  early  points,  since  optical 
densities  were  not  determined  for  foci  sufficiently  close  to  each  other  to  produce  convergence.  The  combined 
data  for  two  mice  are  presented  for  each  point.  (Negative  optical  densities  were  obtained  for  a  few  foci  that 
were  less  dense  than  the  average  background,  but  more  dense  than  the  background  in  their  immediate  vicinity.) 


28  days  after  challenge.  Again,  there  was  no  de¬ 
tectable  shift  towards  lower  optical  densities  in 
the  lung  or  liver  foci  of  immunized  mice,  or  in- 
lung  foci  in  comparison  with  liver  foci  of  the 
same  mice  (Figure  3). 

DISCUSSION 

In  the  following  discussion,  a  distinction  will 
be  made  between  death  and  elimination  of  schis¬ 
tosomes.  Death  will  be  used  in  the  usual  sense, 
to  indicate  the  disappearance  of  vital  signs  such 
as  morphologic  integrity  and  motility.  Elimina¬ 
tion  will  be  used  in  a  restricted  sense,  to  indicate 
the  disappearance  of  autoradiographic  foci,  ei¬ 
ther  through  the  dispersion  of  radioisotope  from 
the  neighborhood  of  disintegrating  schistosomes 
or  the  loss  of  intact  larvae  from  the  body.  On 
the  basis  of  previous  observation,4-  *•  u  it  will 
be  assumed  that  the  assay  procedures  used  are 


sufficiently  sensitive  to  allow  detection  of  all  liv¬ 
ing' worms. 

The  results  of  this  study  confirm  previous  au¬ 
toradiographic  findings  demonstrating  that  half 


Tabus  4 

Categories  of  optical  densities  used  for  comparisons  In 
Figures  2-4 


Category 

Optical  deadly  range* 

i 

-4-2 

2 

3-5 

3 

6-10 

4 

11-20 

5 

21-30 

6 

31-40 

7 

41-50 

8 

51-60 

9 

61-70 

•  NepstWc  optical  densities  «m  obtained  for  s  fow  tea  iXel  wen  leu 
CkitM  than  the  ever eg*  background  but  room  Ocam  Him  the  background 
in  their  immediate  vicinity. 
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Figure  2.  Optical  density  frequency  distribution  patterns  of  autoradiographic  foci  produced  in  the  lungs  of 
control  mice  and  mice  immunized  three  limes  (3X)  with  irradiated  cercariae  (CERC.)  at  various  limes  after 
infection  with  live  "Se-labeled  Schistosoma  mansoni  cercariae  or  intravenoua  (i.v.)  injection  with  lung  schis- 
tosomula  (LS)  killed  by  healing  at  50*C  for  5  min  (experiment  3).  The  optical  density  categories  are  defined  in 
Table  4.  Values  represent  the  average  daia  for  three  or  four  mice. 


or  more  of  the  larvae  from  a  percutaneous  S. 
mansoni  infection  are  eliminated  from  both  con* 
trol  mice  and  mice  immunized  with  irradiated 
cercariae  between  seven  and  2 1  days  after  infec¬ 
tion.1'5'  u- “  In  addition,  they  demonstrate  that 
after  day  2 1 ,  normal  mice  show  no  further  de¬ 
crease  in  worm  burden  while  immunized  mice 
continue  to  lose  worms  at  about  the  same  rate 
until  some  point  after  day  35.  Similar  results 
have  recently  been  reported  by  Wilson  and  oth¬ 
ers.*  although  they  found  that  the  normal  phase 
of  elimination  persisted  somewhat  longer. 

At  the  time  the  normal  phase  of  worm  elim¬ 
ination  ends  and  the  immune  phase  begins  (day 
21),  there  is  a  striking  difference  between  the 
distribution  of  worms  in  control  and  immunized 
mice:  most  worms  had  migrated  to  the  liver  in 
control  mice,  while  most  remained  in  the  lungs 
in  immunized  mice  (Figure1  5).  Thereafter,  the 


disappearance  of  worms  from  immunized  mice 
is  accounted  for  by  their  disappearance  from  the 
lungs.  There  is  no  indication  that  the  missing 
worms  migrate  to  the  liver  before  elimination; 
essentially  all  of  the  worms  detectable  in  the  liver 
from  day  21  onwards  can  be  recovered  as  live 
worms  by  portal  perfusion  (Table  2).  Although 
sites  other  than  the  lungs  and  liver  were  not  ex¬ 
amined  in  this  study,  other  autoradiographic 
studies  have  shown  that  S.  mansoni  larvae  do 
not  selectively  accumulate  in  tissues  other  than 
the  lungs  and  liver  in  either  normal  mice  or  mice 
immunized  with  irradiated  cercariae  between 
weeks  3  and  5  after  infection.5-  “• 14  It  seems  like¬ 
ly,  therefore,  that  the  worms  that  disappear  from 
the  lungs  are  eliminated  from  the  body. 

Histopathologic  examination  of  immunized 
challenged  mice  has  provided  indirect  evidence 
of  schistosome  elimination  in  the  lungs,  in  the 
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Figure  3.  Optical  density  frequency  distribution  patterns  of  autoradiographic  foci  produced  by  ”Se-l*beled 
Schistosoma  mansont  larvae  in  the  lungs  and  livers  of  controlmice  sod. mice  immunized  three  times  (3X)  with-  • 
irradiated  cercariae.  Mice  were  evaluated  21  and  28  days  after  infection  (experiment  4).  The  optical  density 
categories  are  defined  in  Table  4.  Values  represent  the  average  data  for  three  or  four  mice. 

form  of  parasite-free  inflammatory  foci  that  are  fore  disappearing.  Although  it  must  be  consid- 

bclieved  to  represent  sites  previously  occupied  ered  that  larvae  dying  in  situ  may  be  cleared 

by  schistosomula.*  Similar  to  elimination  in  na-  somewhat  differently  from  larvae  killed  by  heat- 

ivc  mice,1’  however,  efforts  to  demonstrate  dam-  ing  at  50*C,  the  striking  similarity  between  the 

aged  and  dead  worms  in  immunized  mice  have  optical  densities  of  lung  and  liver  populations 

been  frustrating.’'*  Since  heat-killed  schistoso-  provides  compelling  evidence  that  most,  if  not 

mula  continued  to  produce  autoradiographic  foci  all,  of  the  larvae  being  detected  in  the  lungs  are 

for  several  days  in  the  lungs,  we  were  hopeful  alive. 

that  analysis  of  the  optical  densities  oflung  foci  With  the  information  available  from  studies 
would  provide  a  means  of  studying  worms  in  the  in  mice  and  rats,  it  is  possible  to  construct  a 
elusive  stage  between  death  and  elimination.  This  hypothesis  for  the  process  of  S.  mansonl  elimi- 
analysis  produced  rather  surprising  results.  Dur-  nation  that  contains  the  following  elements, 
ing  both  the  normal  (early)  and  immune  (late)  1)  Schistosomula  are  at  greatest  risk  of  being 
phases  of  elimination,  the  optical  density  fre-  eliminated  from  the  body  during  the  period  they 
quency  distribution  patterns  obtained  for  sphis-  are  In  the  lungs.  This  is  supported  by  evidence 
tosomula  in  the  lungs  were  indistinguishable  from  from  normal  and  immune  mice*"4,1*  and  rats54 
those  obtained  for  live  larvae  in  the  livers  of  the  indicating  that  the  number  oflarvae  in  the  body 
same  mice.  In  contrast,  the  foci  produced  by  heat-  decreases  by  half  or  more  during  the  lung  phase 
killed  injected  schistosomula  faded  steadily  be-  of  migration.  Also,  the  period  of  larval  sensitiv- 
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Figure  4.  Optical  density  frequency  distribution  pattern  of  autoradiographic  foci  produced  by  ”Se-labe!ed 
Schistosoma  muiuoni  larvae  in  the  luugsand  livers  of  control  mice  and  mice  immunized  once  ( 1 X)  with  irradiated 
cercariac.  Mice  were  evaluated  2 1  days  alter  infection  (experiment  5).  The  optical  density  categories  are  defined 
in  Table  4.  Values  represent  the  average  data  for  three  or  four  mice. 


ity  to  passively  transferred  antibody  from  irra¬ 
diated  cercaria-immunized  mice1*  and  rats10  and 
previously  infected  rats11  coincides  with  the  pe- 
.riod  of  residence  in  the  lungs. 

2)  Schistosomula  are  exposed  to  the  same  risk 
per  unit  of  time  in  normal  and  immunized  ani¬ 
mals.  This  is  supported  by  evidence  from  studies 
in  irradiated  cercaria-immunized  mice11*  and 
previously  infected  rats,1*  which  indicates  that 
the  rate  of  worm  disappearance  from  the  body 
is  similar  in  normal  and  immunized  animals, 
and  proportional  to  the  size  of  the  lung  popu¬ 
lation  in  both  cases.  The  cumulative  risk  of  elim¬ 
ination  is  greater  in  immunized  hosts  possibly 
only  because  the  period  of  lung  residence  is  ex¬ 
tended. 

3)  Schistosomula  that  are  eliminated  leave  the 
blood  stream,  enter  alveoli,  and  pass  via  the  tra¬ 
chea  into  the  gastrointestinal  tract.  This  idea  was 


first  suggested  to  us  by  Donato  Cioii  before  we 
were  aware  of  experimental  evidence  for  it,  and 
has  been  proposed  by  Crabtree  and  Wilson.*  Since 
that  time,  we  have  found  reported  observations 
of  schistosomula  of  S.  mansoni .*•  '*•  '*•"  ja- 

poniemn '*•  “and  Schistosomatiumdouthitti'* 
within  alveoli.  Recently,  schistosomula  have  been 
demonstrated  by  autoradiography  in  the  trachea 
and  lumina  of  the  esophagus,  stomach,  and  in¬ 
testines.12  In  an  electron  microscopic  study, 
Crabtree  and  Wilson  found  that  in  both  normal 
mice  and  mice  immunized  with  irradiated  cer- 
cariac,  S.  mansoni  schistosomula  gradually  shift 
from  vascular  to  alveolar  locations  after  arriving  • 
in  the  lungs.*  By  the  third  week  of  infection,  more 
than  half  of  the  larvae  observed,  were  partially 
or  wholly  within  8lveoli. 

4)  Schistosomula  are  eliminated  from  the  lungg,,- 
while  still  alive.  The  optical  density  data  reported 
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DAYS  AFTER  CHALLENGE 

Figure  5.  Percentage  of  (he  estimated  number  of  skin-penetrating  ”Se-l«beled  Schistotoma  mansoni  cer- 
cariae  accounted  for  by  portRl  nerfusi in  and  autoradiography  (experiment  2).  C  “  control  mice;  IX  ■»  mice 
immunised  by  one  exposure  to  irrudiatco  cercariae;  3X  *■  mice  immunized  by  three  exposure*  to  irradiated 
cercariae.  Numbers  above  bars  indicate  the  total  percentage  of  perfusion  recovery  and  autoradiographic  foci. 
The  numbers  of  mice  are  reported  in  Table  2. 


here  and  the  microautoradiographic  data  from., 
the  same  study1  support  this  conclusion.  Also, 
in  the  electron  microscopic  observations  of 
Crabtree  and  Wilson  on  schistosomula  in  pul¬ 
monary  blood  vessels  and  alveoli,  no  evidence 
of  larval  damage  was  found.’ 

If  it  is  demonstrated  directly  that  the  bulk  of 
schistosomula  that  are  eliminated  are  coughed 
up  while  still  alive,  then  it  is  probable  that  only 
two  possible  sites  of  larval  killing  will  need  to  be 
seriously  considered.  The  first  possibility  is  that 
they  are  destroyed  in  the  gastrointestinal  tract. 
It  is  difficult  to  imagine  that  this  developmental 
stage  of  such  a  highly  specialized  trematode  would 
have  mechanisms  for  surviving  the  effects  of  di¬ 
gestive  enzymes.  A  second,  less  likely,  possibility 
is  that  they  arc  eliminated  from  the  body  via  the 
gastrointestinal  tract  while  still  alive,  to  face  once 
again  the  challenges  presented  by  the  outside 
world. 

The  results  of  this  study  indicate  that  resis¬ 
tance  in  irradiated  cercaria-immunized  mice,  al¬ 


though  immunologically  specific.  is  a  con¬ 
sequence  of  the  diversion  of  larval  migration  at 
the  lung  phase,  rather  than  the  direct  killing  of 
challenge  organisms.  The  observation  of  delays 
in  the  lung  migration  of  challenge  infection  lar¬ 
vae  in  irradiated  cercaria-immunized  rats,  ir¬ 
radiated  cercaria-immunized  guinea  pigs,  and 
previously  infected  rats,  as  well  as  the  direct  re¬ 
lationship  among  schistosome  species  between 
speed  of  migration  through  the  lungs  and  sur¬ 
vival  to  adulthood  m  naive  mice1*- 15  suggest  that 
this  may  be  a  generally  important  mechanism  of 
schistosome  elimination  in  both  normal  and  im¬ 
mune  hosts. 

It  must  also  be  pointed  out  that  there  are  three 
well-documented  examples  of  schistosome  elim¬ 
ination  in  sites  other  than  the  lungs:  skin  killing 
in  rhesus  monkeys  repeatedly  immunized  with 
irradiated  S.  japonicum  cercariae,1*  skin  killing 
in  CBA/Ca  mice  immunized  with  irradiated  .S'. 
mansoni  cercariae  of  the  Mill  Hill  strain,”*4®  and 
the  additional  skin  and  liver  killing  seen  in  guin- 
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ea  pigs  immunized  with  irradiated  5.  mansoni 
cercariac.1*-41  Other  examples  may  exist  in  na¬ 
ture. 

Acknowledgments:  We  thank  several  members  of  (he 
Naval  Meiiieat  H -search  Institute  stall' tor  suggestions 
and  assistance:  Or.  Tihontir  1’.  Obretiovitch,  for  sug¬ 
gesting  the  optical  density  experiments,  G.  Edward 
Sloan,  for  help  with  optical  density  measurements,  and 
Thomas  Williams,  for  help  with  the  low-temperature 
autoradiography.  The  experiments  reported  herein  were 
conducted  according  to  the  principles  set  forth  in  the 
current  edition  of  the  Guide  fur  the  Care  and  Use  of 
Laboratory  Animals,  Institute  of  Laboratory  Animal 
Resources.  National  Research  Council. 

Financial  support:  This  work  was  supported  by  the 
Naval  Medical  Research  and  Development  Command 
Work  Units  no.  3M  1 6  1  1 02.1LS  I  O  AF. 426  and 
3MI61 102.  BS13.AK..3I  I. and  the  Office  of  Naval  Re¬ 
search  Contract  no.  N000 14-8 1-0552. 

Disclaimer:  The  opinions  or  assertions  contained  here¬ 
in  are  the  private  ones  of  the  authors,  and  are  not  io 
be  construed  as  official  or  reflecting  the  views  of  the 
U.  S.  Navy  Department,  Department  of  Defense,  or 
the  U.  S.  Government. 

Authors’  address:  David  A.  Dean  and  Uevcrly  L.  Man¬ 
gold,  U.  S.  Naval  Medical  Research  Unit  No.  3,  PSC 
452,  FRO  AF  09835-0007. 

Reprint  requests:  Research  Publications,  U.  S.  Naval 
Medical  Research  Unil  No.  3,  PSC452  Uox  5000,  FPO 
AE  09835-0007. 


REFERENCES 

1.  Georgi  JR,  1982.  Schistosoma  mansoni:  Quan¬ 

tification  of  skin  penetration  and  early  migration 
by  differential  externa!  radioassay  and  autora¬ 
diography.  Parasitology  84:  263-281 . 

2.  Dean  DA,  Mangold  liL.  Georgi  JR,  Cioli  D,  1982. 

Studies  on  the  induction  and  expression  of  re¬ 
sistance  lo  schistosome  infection  in  mice.  Pon- 
Itjiaae  Acadentuu  Scientiurum  Scripta  I'aria  47: 
73-77. 

3.  Georgi  jK.  Dean  DA,  Mangold  HL,  1983.  Schis¬ 

tosoma  mansoni:  temporal  distribution  of  ra- 
diosetenium-lalicled  schistosomula  in  lungs  of 
mice  during  the  first  two  weeks  of  infection. 
Parasitology  86:  31-36. 

4.  Mangold  (II.,  Dean  DA,  1983.  Autoradiographic 

analysis  of  Schistosoma  mansoni  migration  from 
skin  to  lungs  in  naive  mice.  Am  J  Trop  Med 
Uyg  J2:  785-789. 

5.  Dean  DA,  Mangold  UL,  Georgi  JR,  Jacobson  RH, 

1984.  Comparison  of  Schistosoma  mansoni 
migration  patterns  in  normal  and  irradiated  cer- 
caria-iinmunizcd  mice  by  means  of  autoradio¬ 
graphic  analysis.  Am  J  Trop  Med  llyg  JJ:  89- 
96. 


6.  Wilson  RA,  Coulson  PS,  Dixon  B,  1986.  Migra¬ 

tion  of  the  schistosomula  of  Schistosoma  matt- 
toni  in  mice  vaccinated  with  radiation-attenu- 
nied  cercariac,  and  normal  mice:  an  attempt  to 
identify  the  liming  and  site  of  parasite  death. 
Parasitology  92:  10 1  —  1  16. 

7.  Kassim  OO,  Dean  DA,  Mangold  BL,  von  Lich- 

ienberg  F,  1992.  Combined  microautoradi- 
ograpliic  and  histopathologic  analysis  of  the  fate 
of  challenge  Schistosoma  mansoni  schittoto- 
mula  in  irradiated  cercaria-immunized  mice. 
Am  J  Trop  Med  Hyg  47:  231-237. 

8.  von  Lichtenberg  F,  Correa-Oliveira  R,  Sher  A, 

1985.  The  fate  of  challenge  schistosomula  in 
the  murine  ami-schistosome  vaccine  model.  Am 
J  Trop  Med  Hyg  34:  96-106. 

9.  Crabtree  JE,  v.  son  RA,  1986.  The  role  of  pul¬ 

monary  cellular  reactions  in  the  resistance  of 
vaccinated  mice  to  Schistosoma  mansoni.  Par¬ 
asite  Immunol  8:  265-285. 

10.  Masiin  AJ,  Bickle  QD,  Wilson  RA,  1983.  Schis¬ 

tosoma  mansoni:  migration  and  attrition  of  ir¬ 
radiated  and  challenge  schisiosomula  in  the 
mouse.  Parasitology  87:  87-102, 

11.  Miyagawa  Y,  Takemoto  S.  1921.  The  mode  of 

i  "eciion  of  Schistosomum  japonicum  and  prin¬ 
cipal  route  of  its  journey  from  the  skin  to  the 
portal  vein  in  the  host.  J  Pathol  Bacteric'  24: 
168-174. 

12.  Koppisch  E,  1937,  Studies  on  schistosomiasis 

mansoni  in  Puerto  Rico.  IV.  The  pathological 
anatomy  of  experimental  schistosomiasis  man¬ 
soni  in  the  rabbit  and  albino  rat.  Puerto  Rico  J 
Public  Health  Trop  Med  J 3:  1-54. 

13.  Kagan  1G,  Meranze  DR,  1958.  The  histopathnl- 

ogy  of  experimental  infections  in  mice  wiih 
Schisiosomatium  doulhitti.  Am  J  Trop  hied. 
Hyg  7:  285-293. 

14.  Sadun  EH,  Lin  SS,  Williams  JE,  1958.  Studies  on 

the  host  parasite  relationships  to  Schistosoma 
japonicum.  I.  The  effect  of  single  graded  infec¬ 
tions  and  the  route  of  migration  of  schistoso- 
muta.  Am  J  Trop  Med  Hyg  7:  494—499. 

1 5.  Lin  SS,  Sadun  EH,  1959.  Studies  on  the  host  par¬ 

asite  relationships  to  Schistosoma  japonicum. 
V.  Reactions  in  the  skin,  lungs  and  liver  of  nor¬ 
mal  and  immune  animals  following  infection 
with  Schis’osoma  japonicum.  J  Parasitol  45: 
549-556. 

16.  Magalhaes-Filho  A,  1959.  Pulmonary  lesions  in 

mice  experimentally  infected  with  Schistosoma 
mansoni.  Am  J  Trop  Med  Hyg  8:  527-535. 

17.  von  Lichtenberg  F,  Ritchie  LS.  1961.  Cellular 

restktauoe  against  schistosomula  of  Schistosoma 
mansoni  in  Macaca  mulaita  monkeys  following 
prolonged  infections.  Am  J  Trop  Med  Hyg  10: 
859-869. 

18.  WilksNE,  1967.  Lung- to  ll  ver  migration  of schis- 

tosomes  in  the  laboratory  mouse.  Am  J  Trop 
Med  Hyg  16:  599-605. 

19.  Stirewalt  MA,  Uy  A,  1969.  Schistosoma  man¬ 

soni:  cercarial  penetration  and  schistosomule 
collection  in  an  in  vitro  system.  Exp  Parasitol 
26:  17-28. 


DEAN  AND  MANGOLD 


24  E 


20.  Christensen  NO.  1977.  A  method  for  the  in  vivo 

labeling  of  Schislosoma  mansoni  and  S.  inter- 
calaium  cercariae  with  radioselenium.  2  Par- 
asrienk  54:  275-288. 

21.  Dean  DA,  Minard  1’.  Murrell  KD,  Vannier  WE, 

1978.  Resistance  of  mice  to  secondary  infection 
with  Schistosoma  manso«.i.  II.  Evidence  for  a 
correlation  between  egg  deposition  and  worm 
elimination.  Am  J  Trap  Med,  Ilyg27: 951-965. 

22.  Doenholl'M,  Bickle  Q,  Long  E,  Bain  J,  McGregor 

A,  1978.  Factors  affecting  the  acquisition  of 
resistance  against  Schislosoma  mansoni  in  the 
mouse.  I.  Demonstration  of  resistance  to  rein¬ 
fection  using  a  model  system  that  involves  per¬ 
fusion  of  mice  within  three  weeks  of  challenge. 
J  H el  mint  hoi  52:  1 73-.  ^6. 

23.  Smithers  SR,  Terry  RJ,  1965.  The  infection  of 

laboratory  hosts  with  cercariae  of  Schistosoma 
mansoni  and  the  recovery  of  the  adult  worms. 
Parasitology  55:  695-700. 

24.  Georgi  JR,  Dean  DA,  Chandiwanna  SK,  1982. 

Quantification  of  Schislosoma  mansoni  in  mouse 
lungs  by  radioassay  and  autoradiography  of?1Se- 
labclcd  schistosomula.  J  Parasitol  68:  1092- 
1095. 

25.  Dean  DA,  Mangold  BL,  1984.  Autoradiographic 

analysis  of  resistance  to  reinfection  with  Schis¬ 
tosoma  ntansoni  in  mice.  Evidence  that  the  liv¬ 
er  is  a  major  site  of  worm  elimination.  Am  J 
Prop  Med  llyg  22:  97-1 03. 

26.  Georgi  JR,  Wade  SE,  Dean  DA,  1986,  Attrition 

and  temporal  dislribu'ion  of  Schistosoma  man¬ 
soni  and  S.  haematobium  schistosomula  in  lab¬ 
oratory  mice.  Parasitology  lJJ:  55-70. 

27.  von  Lichtettberg  F,  Byram  JE,  1980.  Pulmonary 

cell  reactions  in  natural  and  acquired  host  re¬ 
sistance  to  Schislosoma  mansoni.  Am  Prop  Med 
llyg  29.  1286-1300. 

28  Knopf  l‘M,  Cioli  D.  Mangold  0L,  Dean  DA.  1986. 
Migration  of  Schistosoma  mansoni  in  normal 
and  passively  immunized  laboratory  rats.  Am 
J  Prop  Med  llyg  25:  1 1 73-1 !  84. 

29.  Mangold  111  ,  Dean  DA,  1986.  Passive  transfer 

wt  tli  scrum  and  lgG  antibodies  of  irradiated  cer- 
caria-indticed  resistance  against  Schislosoma 
mansoni  in  mice.  J  'mmuiwl  126:  2644-2648. 

30.  Ford  MJ,  Bickle  QD,  Taylor  MG,  Andrews  BJ, 

1984.  Passive  transfer  of  resistance  and  the  site 
of  immune-dependent  elimination  of  the  chal¬ 
lenge  infection  in  rats  vaccinated  with  highly 
irradiated  cercariae  of  Schislosoma  mansoni. 
Parasitology  #9:  461-482. 

31.  Mangold  ML,  Knopf  PM,  1981.  Host  protective 

humoral  immune  responses  to  Schistosoma 
mansum  infections  in  the  rat.  Kinetics  of  hy¬ 


perimmune  scrum-dependent  sensitivity  and 
eliminat  ion  of  schistosomes  in  a  passt  vc  transfer 
system.  Parasitology  82:  559-574, 

32.  Georgi  JR,  Wade  SE,  Dean  DA,  1987.  Schism- 

soma  mansoni:  mechanisms  of  attrition  and 
routes  of  migration  from  lungs  to  hepatic  portal 
system  in  the  laboratory  mouse.  J  Parasitol  72: 
706-711. 

33.  Chcever  AW,  Hieny  S,  Duvall  RH,  Sher  A.  1983. 

Lack  of  resistance  to  Sdhistosoma  japonicum  in 
mice  immunri  ed  with  irradiated  S.  mansoni  cer¬ 
cariae.  Trans  R  Soc  Trap  Med  Hyg  77:  812- 
814. 

34.  Moloney  NA,  Bickle  QD,  Webbe  G,  1985,  The 

induction  of  specific  immunity  against  Schis¬ 
tosoma  japonicum  by  exposure  of  mice  to  ul- 
.  traviolet  attenuated  cercariae.  Parasitology  90: 
313-323. 

35.  Olivier  L,  1 952.  A  comparison  of  infections  in 

mice  with  three  species  of  schistosomes,  Schis¬ 
tosoma  mansoni,  Schistosoma  japonicum  and 
Schistosomatium  douthitti.  Am  J  Hyg  55:  22- 
35. 

36.  Hsu  SYL,  Hsu  HF,  Penick  GD,  Lust  GL,  Osborne 

JW,  1974.  Dermal  hypersensitivity  to  schisto¬ 
some  cercariae  in  rhesus  monkeys  during  im¬ 
munization  and  challenge.  I.  Complex  hyper¬ 
sensitivity  reactions  of  a  well-immunized 
monkey  during  the  challenge.  J  Allergy  Clin  Im¬ 
munol  54  339-349. 

37.  Miller  KL,  Smithers  SR,  1980.  Schistosoma  man¬ 

soni:  the  attrition  of  a  challenge  in  mice  im¬ 
munized  with  highly  irradiated  live  cercariae. 
Exp  Parasitol  50:  2 1 2-22 1 . 

38.  McLaren  DJ,  Pearce  EJ,  Smithers  SR.  1985.  Site 

potential  for  challenge  attrition  in  mice,  rats  and 
guinea  pigs  vaccinated  with  irradiated  cercariae 
of  Schislosoma  mansoni.  Parasite  Immunol  7: 
29-44. 

39.  Kamiya  H,  Smithers  SR,  McLaren  DJ,  1987, 

Schistosoma  mansoni:  autoradiographic  track¬ 
ing  studies  of  isotopically-labeled  challenge  par¬ 
asites  in  naive  and  vaccinated  CUA/Ca  mice. 
Parasite  Immunol  9:  515-529. 

40.  McLaren  DJ,  Strath  M,  Smithers  SR,  1987.  Schis¬ 

tosoma  mansoni:  evidence  that  immunity  in 
vaccinated  and  chronically  infected  CDA7Ca 
mice  is  sensitive  to  treatment  with  a  monoclonal 
antibody  that  depletes  cutaneous  elF-ctor  cells. 
Purasile  Immunol  9:  667-682. 

41.  McLaren  DJ,  Rogers  MV,  1986.  Schistosoma 

mansoni:  liver  phase  challenge  attrition  is  a  stage- 
dependent  phenomenon  in  guinea-pigs  vacci¬ 
nated  with  highly  irradiated  cercariae.  Parasite 
Immunol  8:  307-3 1 8. 


REPORT  DOCUMENTATION  PAGE 

/  Ol  lit  Afjfjftivdif 

OMU  Ni :>  0/04  OUSH 

i^ubliv  ie(>>»tin*}  t:u>  J en  to t  thi*  i  oHectton  of  jtion  i*  eihrnateo  to  iwera.je  I  boor  pec  sc  n.o the  tm-e  Ig-*  ** 

j.--d  mjittl jtnuuj  the  data  Heeded  jjhJ  and  H  sit'AiFnj  the  collection  mtOFm  stiiw.  c  ,it>  le 

luiii mi  miration.  imludttkj  suggest  lor  n  duortg  this  D«»den  to  vV-uhifigtOn  HejJquaf  ten  «n  us  t'ltfvUwi  ate  f. 

Oj«»s  Highway,  suth*  1 2U4.  Aiiington,  -/A  Zi 102.  and  to  the  Gt*n.e  ol  Management  df*d  budget  P-sn*e»  .ioi  e  RlJo.  tu,n  hi;j 

dimjtliiil-OK).  .iCilU..»U  U  4-,  „,M,(  J  U.-i 

iidoU|i.il'bn  ilieiphvi  .  -'*>1  Jrltc-  »*><• 

L.-vt(u/U4  dtftd)  i'k 

1.  AGENCY  USE  ONLY  bhnk) 

2  REPORT  DATE 

1992 

.1.  REPORT  TYPE  AND  DATES  COVERED 

5.  FUNDING  NUMBERS 

PH-  61 102 A 

WU-  3M161102BS13.AK.3ll 


0.  PERFORMING  ORGANIZATION 
Kll'OHF  NUMBER 


10.  SPONSORING  /  MONITORING 
AGENCY  UtPOHT  NlJMUtR 


4.  TITLE  AND  SUBTITLE 

Evidence  lhat  both  Normal  and  Immune  Elimination  of 
Schistosoma  mansoni  Take  Place  at  the  Lung  Stage  of 
Migration  Prior  to  Parasite  Death 


6.  AUFHOR(S) 

Dean,  David  A.,  and  Mangold,  Beverly  L. 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESSES) 
U.S.  Naval  Medical  Research  Unit  No.  3 
PSC  452,  Box  5000 
FPO  AE  09835-0007 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AHO  ADDRESS(ES) 
Naval  Medical  Research  and  Development 
Command,  National  Naval  Medical  Center 
Building  1,  Tower  12 
Bethesda,  MD  20889-5044 


11.  SUPPLEMENTARY  NOTES 

Published  in:  Am.  J.  Trop.  Med.  Hyg.,  47(2):238-248,  1992;  Aec.  No.  1740. 


12a.  DISTRIBUTION  /  AVAIL ABII ITY  STATEMENT 

Approved  for  public  release; 

Distribution  is  unlimited. 


13.  ABSTRACT  200  wortM 

The  number  and  distribution  of  autoradiographic  foci  observed  in  this  and  previous  studies  following  percutaneous 
infection  with  MSe-iabeled  Schistosoma  mansoni  cercariae  indicate  that  the  lungs  are  the  principal  site  of  worm 
elimination  in  both  normal  mice  and  mice  immunized  with  irradiated  cercariae.  It  was  observed  in  the  present  study, 
however,  that  the  intensities  of  the  autoradiographic  foci  produced  in  the  lungs  during  both  the  normal  (early)  and 
immune  (late)  phases  of  elimination  were  identical  to  those  of  foci  produced  in  the  livers  of  the  same  mice  by  larvae 
shown  to  be  alive.  In  contrast,  foci  produced  in  the  lungs  by  heat-killed,  intravenously  injected,  lung  schistosomula 
became  taller  and  fainter  with  time,  disappearing  completely  between  seven  and  10  days  after  injection  in  normal  nuce 
and  between  four  and  six  days  in  immunized  mice,  These  results  indicate  that  although  the  targets  of  both  normal  and 
immune  elimination  do  not  proceed  beyond  the  lung  stage  of  migration,  they  do  not  die  in  the  lungs.  A  possible 
explanation  for  this  paradoxical  situation,  for  which  there  is  some  experimental  evidence,  is  that  unsuccessful  migrators 
leave  the  blood  stream,  enter  alveoli,  pass  up  the  trachea,  and  are  eventually  digested  in  the  gastrointestinal  tract  or 
eliminated  from  the  body  intact. 


12b  DISTRIBUTION  CODE 


14.  SUBJECT  TERMS 

Schistosoma  mansoni:  Autoradiographic  foci;  Worm  elimination;  Parasite 
migration;  Mice. 


SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 


t8  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

UNCLASSIFIED 


SECURITY  CLASSIFICATION 
Ol  ABSTRACT 

UNCLASSIFIED 


15  NUMBER  Ol  PAGES 

11 


16  PRICE  CODE 


20  I  IMITATION  OF  ABSTRACT 


NSN  7540  01  .’80  S500 


Star, third  Form  208  (P.:v  ’  80) 

nUed  l/y  *'fol  “•  '  i't 

It) 2 


